Introduction
Primary central nervous system lymphoma has been recently paid more attention especially for its increasing incidence, unsatisfactory therapy and poor prognosis. Radiotherapy and/or chemotherapy are still the most important methods to treat primary central nervous system lymphoma (PCNSL). Ku80, as a DNA repair protein, plays a key role in multiple nuclear processes against ionizing radiation which determine radiosensitivity [1, 2] . The aim of our study was to detect the expression of Ku80 in PCNSL by immunohistochemical staining to evaluate the relationship between Ku80 expression level and clinical outcomes, and thus to determine whether this immunophenotype is a prognostic factors in PCNSL. It may be a new marker for anticipating curative effects. An alternative therapeutic approach to improving radiotherapeutic effects might be found.
Material and methods

Patients and tissue samples
Patients were eligible for this study if they had been diagnosed with PCNSL. Patient selection criteria for this study were as follows: (1) Histological characteristics of these cases fulfilled the criteria of the World Health Organization criteria of lymphoid neoplasms for PCNSL, (2) Patients were required to have a life expectancy greater than 1 month, with detailed clinical data at diagnosis and therapy and during follow-up. Between May 1995 and January 2009, there were 38 patients with a new histological diagnosis of PCNSL enrolled in this study in the Department of Neurosurgery, Sir Run Run Shaw Hospital, Zhejiang University. Their histological characteristics were diffuse large B cell lymphoma. Clinical follow-up was obtained until July 15, 2009, or until death or loss to follow-up. Treatment of patients varied, depending on individual conditions, the stage of the disease, date of diagnosis, institution, and health conditions. All patients were followed up postoperatively at three-month intervals or when recurrence was suspected.
Immunohistochemistry
Normal tonsil tissues obtained served as a normal control sample. A dilution of 1 : 200 was determined as the optimal dilution. Formalin-fixed, paraffin-embedded sections (3-µm thick) were dewaxed in xylene and rehydrated by passage through a graded ethanol series, then the slides were transferred to the full pressure cooker with antigen retrieval buffer for 3 minutes. Endogenous peroxidases were blocked with 3% hydrogen peroxide for 10 minutes. 100 µl of prepared primary antibody (1 : 200 dilution) was added. Anti-Ku80 mouse monoclonal antibody was incubated at room temperature for 30 minutes. The secondary antibody was anti-mouse and rabbit Histofine. The slides were counterstained with hematoxylin and finally mounted using a drop of Aquatex.
Evaluation of results and statistical analysis
A neuropathologist without prior knowledge of the patients' clinical outcomes investigated all histological specimens. Each tumor was evaluated for this gene protein and given the percentage of positive cells. One thousand neoplastic cells per specimen were evaluated at ×400 magnification and the ratio (%) of Ku80. On the basis of the ratio of positive cells, these tumors were defined as showing low Ku80 expression when there were no or fewer than 50% positive cells, and high expression when the positive rate was more than 50% [3] .
Progression-free survival (PFS) was evaluated from the first day of treatment to relapse, progression or death, or to the last date of follow-up, and overall survival (OS) was calculated from the first day of treatment of the tumor to death for any reason or to the last date of follow-up. A descriptive study of all the variables was carried out. Expression of Ku80 between subgroups was analyzed by one-way ANOVA method. Kaplan-Meier methodology was applied in order to determine the effect of the different variables on survival. Parameters possibly correlated with disease progression and survival were age, gender, tumor localization, surgical procedure, chemotherapy, radiotherapy and expression of Ku80 protein. These variables were estimated with their mean and 95% confidence interval. The end-point variable of interest was overall survival. A P < 0.05 value was considered to be of statistical significance. Analyses were performed with SPSS 17.0.
Results
Patient characteristics and treatment
Thirty-eight patients with PCNSL were included in this retrospective study. This group comprised 22 men and 16 women. The male : female ratio was 1.31, and age varied from 11 to 82 years (mean 62.25 years). The lymphomas were located as follows: In 12 patients the tumor was in a central area such as cerebellar, brain stem thalamus, hypothalamus, para-or intra-ventricular. In 15 cases the tumor was restricted to a single lobe such as frontal, temporal, parietal, occipital lobe, and more than one cerebral lobe was affected in 11 patients.
Biopsies were taken in 20 patients via a craniotomy and stereotactic biopsy in 18 patients. Treatment of patients varied, depending on individual conditions, the stage of the disease, date of diagnosis, institution, patients' intentions and health conditions. Based on these factors, 6 patients accepted HD-MTX (high-dose methotrexate)-based, multi-agent chemotherapy and 7 patients were treated with sole radiotherapy. Nineteen patients with PCNSL underwent both chemotherapy and radiotherapy whereas no adjuvant therapy was applied in 6 patients. Twenty-six patients underwent hyperfractionated whole-brain radiotherapy (WBRT) with 40-50 Gy (2 Gy/day), which is considered equivalent to conventional irradiation with 20 fractions of 2 Gy, total 40 Gy. Among them, an additional 6-10 Gy boost to gross was performed. Twelve patients did not have any radiotherapy because of patients' intention and/or family reason. The follow-up varied from 1 month to 145 months. It was terminated at death for any reason or the last date of follow-up. The mean overall survival (OS) was 28.5 months, and the mean PFS was 28.2 months (range 0-145 months).
Ku80 expression in primary central nervous system lymphoma
The absolute expression level of Ku80 in all groups classified according to variables were analyzed by one-way ANO-VA method and listed in Table 1 . There was found considerable variability in Ku80 expression level, ranging between 7.4% and 95.8% in PCNSL, mean 64.1%. Fifteen tumor samples demonstrated low Ku80 staining (positive rate < 50%, mean 31.9 ±11.9%) (Fig. 1A) , and 23 tumor samples demonstrated high Ku80 expression (positive rate > 50%, mean 78.2 ±11.8%) (Fig. 1B) .
The Ku80 expression level in PCNSL did not correlate with gender or location. No statistically significant correlation was found between age of patients and Ku80 expression (P = 0.136), although it seemed that the Ku80 level in the age ≥ 65 group was usually higher than in the age < 65 group (Table 1) .
Survival analysis
Kaplan-Meier survival curves of patients were analyzed according to tumor location, surgical approach, treatment protocol, and the expression of Ku80. Patients were divided into a weak expression group (positive rate < 50%) and high expression group (positive rate ≥ 50%). These subgroups are comparable, without statistical differences in the expression level of Ku80 (Table 1 , P > 0.05).
PFS and OS were estimated by the Kaplan-Meier method and compared using the log-rank test (Tables 2, 3 ). Important tumor locations such as central areas, as expected, were found to be associated with a significantly higher risk of death (P = 0.014) ( Fig. 2A) . Similar results were obtained for patients without any adjuvant therapy compared with the group of patients who underwent chemotherapy and/or radiotherapy (P = 0.002). Patients older than 65 had a significantly higher risk of death (45.3 months vs. 78.6 months; P = 0.011; log-rank test). Kaplan-Meier analysis between variables with OS revealed that the high Ku80 expression group had a significantly shorter median survival time (MST) than the low Ku80 group (55.3 months vs. 80.4 months; P = 0.036; log-rank test) (Fig. 2B) . However, for the influence of Ku80 on survival in patients with and without radiotherapy, no statistical significance was found (P > 0.05). So, Ku80 may be an indicator for prognosis, but cannot predict the therapeutic effectiveness of radiotherapy.
Discussion
Primary central nervous system lymphoma has received more attention in recent years, especially for its unsatisfactory therapy and poor prognosis, resulting in increasing scientific awareness [4] [5] [6] . It is clear that its unsatisfactory therapy and poor prognosis are connected with the chemosensitivity and radiosensitivity [7, 8] . Special attention has been paid in recent years to factors related to the molecular biological characteristics of the tumor, in an attempt to predict and improve the prognosis.
A Ku80 expression response to radiosensitivity has been observed in different cancers. It has been reported previously in cervical cancer that expression of Ku80 correlates with response to radiotherapy and survival [9] . Yin et al. stated that the interaction of C/EBPalpha with Ku70, Ku80, and poly (ADPribose) polymerase-1 increases sensitivity to DNA damage in prostate cancer cells [10] . Moeller concluded that Ku80 expression predicts failure and death following radiotherapy in head and neck cancer. Thus, Ku80 is considered as a potential prognostic marker for the prediction of radiotherapy outcome in some human cancers [11] .
Despite many studies performed with established cell lines, little is known about Ku80 expression in lymphoma. The expression of Ku80 in primary central nervous system lymphoma or diffuse large B-cell lymphoma (DLBCL) has not been published. Ku70 showed relatively equal expression in different normal tissues, but Ku80 expression was somewhat more variable from tissue to tissue [12] . This study is the first to detect the expression of Ku80 in primary central nervous system lymphoma tissue in humans. The results of our exploratory study showed a wide range of expression of Ku80. A considerable Ku80 expression level in PCNSL was found with mean expression rate of 64.1%. A high expression of Ku80 correlated with a poor prognosis of PCNSL. The results of Ku80 expression by gender and tumor location showed no significant difference.
We revealed that the Ku80 expression level in the old group was significantly higher than in patients under 65. People may argue that the difference in Ku80 expression between different age groups may be due to age-dependent changes in tumor; however, no correlation was found between age of patient and Ku80 expression. It is reported that among the DSB repair proteins tested, the expression of Ku70 showed statistically significant agedependent changes in human lymphocytes, but the expression of Ku80 did not [13] .
The success of DSB repair in tumor cells with high expression of Ku80 is the major cause of radiotherapy failure, leading to prolonged tumor cell survival, and tumors with a low percentage of Ku80-positive cells tend to be radiosensitive. Ku80 may be a potential prognostic marker for the prediction of radiotherapy outcome. In our study, Kaplan-Meier analysis revealed that patients who had high Ku80 expression had significantly shorter MST than patients who had a low Ku80 expression (P = 0.036). This observation suggested that Ku80 expression might be of prognostic significance in PCNSL. However, when assessing the influence of Ku80 on survival between patients with and without radiotherapy, no statistical significance was found (P > 0.05). So, Ku80 may be a marker for prognosis, but cannot predict the therapeutic effectiveness of radiotherapy, and of course cannot function as an indicator for radiotherapy.
Although it is supported that Ku protein expression is correlated with radiation treatment outcome [2, 9, 14, 15] , there are exceptions, some showing that Ku80 expression is not correlated with radiation sensitivity [16] . A slight increase in cellular levels of Ku80 after irradiation in both human fibroblasts and lymphoblasts could be shown, while the expression of Ku70 remarkably increased [17] . This observation suggests that a radiation-resistant phenotype is determined by Ku70 expression. On the other hand, a remarkable increase of Ku80 expression, compared to Ku70 expression, occurred after irradiation [2] . This revealed that the induction of Ku80 expression by ionizing radiation may be a key step in radiation resistance. In our study Ku80 levels were detected to correlate significantly with OS, but no significant relation was found between radiotherapy and outcome. This observation supports Kasten-Pisula's results showing that Ku80 expression is not correlated with radiation sensitivity [8] . It may be one explanation that Ku80 plays a role in the repair of DNA ends by non-homologous end joining (NHEJ) cooperating with other compounds such as Ku70, DNA-PKCS, Xrcc4, DNA ligase IV and others. The other explanation is that the expression and functions of Ku80 may vary widely in various tumors.
Age and performance status (PS) are two universally accepted prognostic factors according to many authors [18] [19] [20] [21] . It is not surprising that age is a prognostic factor as expected in this study. In our survival analysis, the expression of Ku80 was considered as an important predictor. In addition to Ku80 and age, this study reported an independent prognostic role of the involvement of location of the tumor in PCNSL patients. In fact, the involvement of periventricular regions, basal ganglia, brainstem, and/or cerebellum was associated with a poor prognosis. Treatment protocol played a prognostic role independent of age and PS with statistical significance. Nevertheless, it is plausible that age and PS influenced patient's selection to receive more or less aggressive therapy such as chemotherapy combinations with radiotherapy [22] . It is concluded that patients' age and tumor location are factors to predict prognosis in patients with PCNSL.
In conclusion, it is the first time that expression of Ku80 proteins in PCNSL has been detected with an immunohistochemical method. The expression of Ku80 was observed in the majority of PCNSLs. Ku80 was a prognostic factor in this study, but cannot predict the therapeutic effectiveness of radiotherapy. In addition to Ku80, other clinical variables including age, tumor location and therapeutic protocol are correlated significantly with overall survival. The role of these variables and the clinical relevance deserve to be assessed in further studies. 
